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0.3048  m/sec  (motors  per  second) 
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ABSTRACT 


This  report  describes  a  series  of  model 
experiments  conducted  as  part  of  the  overall 
project  of  the  David  Taylor  Naval  Ship  RM)  Center 
(DTNSRDC)  to  adapt  controllable  pitch  propellers 
to  the  needs  of  high  speed  combatant  ships.  The 
first  set  of  experiments  was  conducted  on  a  model 
of  the  R/V  ATHENA,  with  and  without  the  port  pro¬ 
peller  operating.  The  second  set  of  experiments 
repeated  the  first,  except  that  the  Bass  Dynamometer 
Boat  was  mounted  aft  of  the  model.  The  third  set 
was  a  series  of  idealized  wake  distribution  experi¬ 
ments,  in  which  the  model  was  removed  and  the  pitot 
rake  was  mounted  upstream  of  the  Bass  Boat.  The 
effect  of  an  operating  port  propeller  on  the  mean 
starboard  wake  distribution  was  small.  The  pres¬ 
ence  of  the  Bass  Boat  behind  the  ATHENA  model, 
however,  affects  both  the  mean  values  and  the 
harmonic  content  of  the  wake.  Final lv,  one 
idealized  mean  wake  distribution  was  shown  to  be 
weakly  dependent  on  speed,  and  the  harmonic  content 
of  wakes  at  two  different  speeds  differed  by  less 
than  three  percent. 


A I  >M  r  N  l  S  T  RAT  I VE  I X  Ft )  RMAT  ION 

The  experimental  program  was  initiated  and  funded  by  the  Naval  Sea 
Systems  Command  (NAVSEA  (>5r)  under  task  Area  S0379001.  This  work  was 
performed  at  the  David  Taylor  Naval  Ship  Rail  Center  (DTNSRDC)  under  work 
unit  number  1 5114-64  1.  The  preliminary  data  analysis  was  performed  bv 
Chi  Associates,  Inc.  (t'Al)  under  contract  to  DTNSRDC. 


INTRODUCTION 


As  part  of  its  overall  project  to  adapt  controllable  pitch  propellers 
to  the  needs  of  high  speed  combatant  ships,  the  David  Taylor  Naval  Ship 
Research  and  Development  Center  (DTNSRDC)  conducted  a  full-scale  wake 
survey  aboard  the  R/V  ATHENA  in  September  1977  as  reported  by  Day  et  al\ 
The  specific  goal  of  this  project  was  to  obtain  propeller  disk  velocity 
component  ratios  in  the  wake  of  a  full-scale  ship.  In  addition, 
propeller  blade  loading  experiments  have  been  completed  for  the  R/V  ATHENA. 

Subsequent  to  the  full-scale  wake  trials,  a  series  of  wake  surveys 
were  conducted  on  a  model  of  the  R/V  ATHENA.  These  experiments  were 
designed  to  evaluate  the  model  wake  at  one  propeller  location,  both  with 
and  without  the  other  propeller  operating.  In  addition,  wake  survey 
experiments  were  conducted  with  and  without  the  Bass  Dynamometer  Boat 
mounted  aft  of  the  model.  The  Bass  Dynamometer  Boat  was  used  in  the  blade 
loading  experiments  to  drive  the  propeller  and  dynamometry  systems  from 
behind  the  model.  The  wake  information  was  necessary  to  account  for 
the  effect  of  t  lie  Bass  Boat  on  the  flow  into  the  propeller  in  the  analysis 
of  the  blade  loading  experiments.  Several  idealized  wake  distributions 
were  measured,  and  will  be  used  for  blade  loading  calculations  for  a 
propeller  operating  in  an  idealized  wake.  An  idealized  wake  is  the  break¬ 
ing  down  of  a  wake  field  into  a  purely  longitudinally  dominated  wake  by  a 
wake  screen  or  a  purely  tangentially  dominated  wake  by  inclining  the  flow 
angle.  The  blade  loading  calculations  for  the  R/V  ATHENA  will  be  compared 
with  experimental  force  measurements  on  a  model  propeller  to  help  determine 
the  validity  of  the  load  calculation  method  and  will  he  reported  later. 

References  are  listed  on  page  16. 

2 


-*■ 


EXPERIMENTAL  PROCEDURE 


The  experiments  described  in  this  report  measured  the  propeller  disk 
velocity  components  under  a  variety  of  operating  conditions.  In  the  first 
set  of  experiments  (Experiments  3,  9  and  10),  wake  measurements  were 
obtained  from  the  starboard  propeller  plane  of  the  model  with,  and  without 
the  port  propeller  operating.  In  the  second  set  (Experiments  11  and  12), 
measurements  were  taken  with  the  model  followed  by  the  Bass  Dynamometer 
Boat,  with  and  without  the  port  propeller  operating.  The  third  set  of 
experiments  (Experiments  1  3  through  16)  consisted  of  idealized  wake  surveys. 
The  ATHENA  model  was  removed,  and  a  pitot  tube  rake  was  mounted  ahead  of 
the  Bass  Dynamometer  Boat.  These  experiments  were  run  behind  a  screen 
which  provided  an  idealized  wake  distribution. 

DTNSRDC  Model  5165,  representing  the  R/V  ATHENA  (PG-94),  was  constructed 
to  a  linear  ratio  of  8.250,  in  accordance  with  model  specifications  of  the 
Naval  Sea  Systems  Command  (NAVSEA  05R) .  Model  and  ship  characteristics 
are  presented  in  Table  1.  The  model  was  fitted  with  shafts  and  struts, 
a  centerline  skeg,  and  stabilizer  fins.  Model  rudders  were  not  included. 
DTNSRDC  pilot  tube  rake  number  7  was  mounted  in  the  model  through  the 
starboard  shafting.  Differential  pressure  gauges  were  used  to  measure 
the  velocities  in  the  plane  of  the  propeller  at  four  radial  locations. 

A  sketch  of  the  pitot  rake  on  the  model  is  shown  in  Figure  1.  The  rake  as 
fitted  to  Model  5365,  Including  the  five-hole  spherical  pitot  tubes,  is 
shown  in  Figure  2. 

The  DTNSRDC  Bass  Dynamometer  Boat  (Model  5271)  was  employed  in  all 
but  t  tie  first  ttiree  experiments.  It  was  mounted  in  the  same  location 
in  which  It  had  previously  been  run  to  study  unsteady  propeller  blade 
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forces  behind  a  model,  and  was  later  mounted  behind  the  pitot  rake  and 
wake  screen. 

The  experimental  program,  as  it  pertains  to  this  report,  is  described 

in  Table  2.  The  experiments  being  discussed  are  3  and  9  through  16.  All 

the  other  experiments  (1,  2,  and  4  through  8)  are  discussed  in  another 

2 

report  by  Hurwitz  and  Crook  .  Experiment  3  was  a  conventional  wake  survey 
experiment  which  measured  the  Model  5365  starboard  wake  without  the  port 
propeller  operating  in  the  initial  setup.  Experiment  9  repeated  this 
test  to  verify  that  the  model  conditions  were  essentially  unchanged  in  the 
second  setup  from  the  original.  For  Experiment  10,  with  the  port  propeller 
operating,  the  model  conditions  from  Experiments  3  and  9  were  duplicated. 

Experiments  11  and  12  were  again  conventional  wake  surveys,  with  the 
pitot  tube  rake  mounted  from  inside  the  starboard  shaft;  but  the  Bass 
Dynamometer  Boat  was  attached  downstream  of  the  ATHENA  model.  Experiment 
11  was  conducted  without  the  port  propeller,  and  Experiment  12  with  the  port 
propeller  operating.  A  sketch  of  the  experimental  radii  taken  with  the 
pitot  tube  arrangement  behind  the  hull  sections  is  shown  in  Figure  3. 

Figures  4  and  5  are  profile  and  quartering  photographs  of  the  pitot  tube 
rake  and  the  ATHENA  model.  Figure  6  shows  the  experimental  setup  during 
Experiments  11  and  12. 

Experiments  13  through  16  were  conducted  to  create  idealized  wakes. 

Data  from  these  wake  surveys  were  required  to  perform  calculations  of 
unsteady  blade  loads  for  comparison  with  experimental  results.  Experiment 
13  modeled  an  uniform  flow  with  the  rake  inclined  at  20  degrees  (0.349 
radian),  as  shown  in  Figure  7.  Experiment  14  was  performed  to  measure 
the  flow  behind  a  one-cycle  wake  screen  with  the  bass  dynamometer  boat 
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and  rake  both  at  zero  degree  inclination.  Figures  8  through  10  show  the 
wake  screen  used,  and  Figures  11  and  12  show  the  experimental  setups. 
Finally,  Experiments  15  and  16  were  uniform  flow  surveys  at  ten  degrees 
(0.175  radian)  inclination  of  the  bass  dynamometer  boat  and  rake  at  model 
speeds  corresponding  to  full-scale  speeds  of  17.2  and  8.6  knots  (8.8  and 
4.4  m/s),  respectively.  Also  the  single  cycle  wake  screen  was  removed 
during  Experiments  15  and  16. 

The  full-scale  propeller  disk  was  6  feet  (1.83  meters)  in  diameter. 

The  radii  at  which  measurements  were  made,  expressed  as  ratios  of  the 
propeller  radius  (r/R),  were  0.456,  0.633,  0.781,  and  0.963.  The  plane 
in  which  the  velocity  measurements  were  taken  was  the  starboard  propeller 
plane  located  146.2  feet  (44.56  meters)  aft  of  the  forward  perpendicular. 
The  ATHENA  displacement  was  263  tons  (267  metric  tons),  and  the  model  trim 
was  locked  at  a  speed  corresponding  to  a  20  knot  (10.3  meter/second)  ship 
speed,  with  the  pitot  rake  in  the  zero  degree  position. 

The  wake  measurement  system  consisted  of  a  pitot  tube  rake  and  four 

differential  pressure  gages.  The  rake  has  five  5-hole  spherical  pitot 

tubes  mounted  in  a  common  housing.  Measurements  were  not  made  using  the 

innermost  pitot  tube  because  of  the  flow  interference  between  the  pitot 

tube  and  the  propeller  hub.  Figure  1  shows  the  arrangement  of  the  rake 

and  the  pitot  tubes.  A  description  of  the  use  and  the  calibration  of  5-holi 
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tubes  is  given  by  Hadler  and  Cheng. 

The  carriage  computer  integrated  the  four  pressure  signals  from  each 
pitot  tube,  the  model  speed,  and  the  angular  position  of  the  rake,  over  a 
5-second  period.  Digital  voltmeters  and  frequency  counters  monitored  the 
computer  values.  The  computer  collected  the  pressure  data  for  each  of  the 


four  pitot  tubes.  The  rake  was  then  rotated  to  a  new  angle,  and  the 
procedure  was  repeated  until  data  were  obtained  throughout  the  entire 
rotation  of  the  rake  in  the  propeller  disc. 

Velocity  component  ratios  were  computed  from  the  pressure  data  using 
established  computer  programs.  The  circumferential  distributions  of  the 
longitudinal,  tangential,  and  radial  velocity  component  ratios  were  plotted 
for  each  radial  location.  Plots  of  the  data  were  generated  by  a  Control 
Data  Corporation  (CDC)  Computer  using  a  CALCOMP  Plotter.  Data  were  checked 
for  random  errors  and  agreement  with  previous  experiments.  Interpolation 
of  the  velocity  component  ratios  in  the  radial  and  circumferential 
directions  was  made.  This  process  yielded  interpolated  data  every  2.5 
degrees  (0.044  radians)  for  four  experimental  radii,  and  for  additional 
selected  radii  (interpolated  radii).  The  mean  longitudinal,  tangential, 
and  radial  velocity  component  ratios;  the  volumetric  mean  wake;  and  the 
mean  and  extreme  values  of  the  advance  angles  were  computed  and  are  presented 
in  this  report.  Tite  advance  angles  were  calculated  using  an  advance 
coefficient,  .J^,  of  0.719.  Explanation  of  this  terminology  and  a  diagram 
showing  tlie  relationship  among  the  velocity  vectors,  the  advance  coefficient, 
and  the  advance  angles  are  presented  in  the  "Notation"  section  of  this 
report . 

Harmonic  analyses  of  the  circumferential  distributions  of  the 
longitudinal  and  tangential  velocity  component  ratios  were  computed  for 
the  experimental  data.  The  harmonic  content  was  determined  by  Fourier 
aeries  analysis.  The  results  of  the  harmonic  analyses  are  presented  as 
amplitudes  and  phase  angles  of  a  sine  series. 
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ACCURACY  ASSESSMENT 

The  instrumentation  accuracy  and  the  repeatability  of  wake  survey 

3  4 

experiments  have  been  discussed  in  detail  by  Hadler  and  Cheng,  and  Day  . 
The  mean  velocity  component  ratios  and  the  harmonic  amplitudes  of  these 
ratios  all  repeat  within  one  percent  of  the  model  velocity.  The  accuracy 
of  the  entire  velocity  survey  measurement  system  was  also  determined  to 
be  one  percent  of  the  model  velocity,  except  in  flow  regions  where  steep 
velocity  gradients  occur,  such  as  behind  a  shaft  strut.  In  these  high 
gradient  regions,  the  accuracy  was  shown  to  be  much  less.  These  error 
bounds  were  derived  for  wake  surveys  calculated  at  model  speeds  of  at 
least  four  knots,  with  the  accuracy  decreasing  at  lower  speeds. 

All  data  comparisons  which  follow  will  be  referenced  to  the  model 
velocity.  Since  the  accuracy  is  on  the  order  of  one  percent  of  the 
model  velocity,  highe  order  harmonics,  whose  amplitudes  tend  to  be  less 
than  one  percent  of  model  velocity,  cannot  be  considered  to  be  as  accurate 
as  the  mean  values  and  lower  order  harmonics.  The  small  higher  order 
harmonics  do  not  make  a  significant  contribution  to  the  reproduction  of 
the  velocity  component  ratios,  though  they  do  contribute  to  moments  and 
forces  calculated  from  the  wake  harmonics. 
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PRESENTATION  AND  DISCUSSION  OF  RESULTS 

EXPERIMENTS  3,  9,  AND  10  -  EFFECT  OF  OPERATING  PORT  PROPELLER  ON 

CONVENTIONAL  WAKE  SURVEYS 

Experiments  3,  9,  and  10  were  conventional  wake  surveys  of  the  star- 
hoard  propeller  plane  of  the  R/V  ATHENA  (Model  5365).  Experiment  3  was 
conducted  without  the  port  propeller  operating.  Experiment  9  was  a  check  of 
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Experiment  3,  anti  Experiment  10  was  identical  to  Experiment  3,  except  that 
the  port  propeller  was  operating. 

A  listing  of  the  input  data  for  Experiment  3  (without  the  port  propeller 
operating)  is  presented  in  Table  A-l,  of  Appendix  A.  The  circumferential 
distribution  of  the  longitudinal,  tangential,  and  radial  velocity  component 
ratios  from  Experiment  3  are  shown  in  graphical  form  for  each  pitot  tube 
radius  in  Figures  A-l  through  A-4.  Included  in  these  figures  are  the  data 
from  Experiment  9,  which  agree  with  the  delta  for  Experiment  3.  The  mean 
longitudinal  (VXBAR) ,  tangential  (VTBAR) ,  and  radial  (VRBAR)  velocity 
component  ratios,  and  the  volumetric  mean  wake  1-WX)  are  presented  in 
Table  A--.  These  quant  it  I  os,  except  the  radial  mean,  are  presented 
graphically  in  Figure  A- 3 . 

The  calculated  mean  values  of  the  advance  angle  (BBAR) ,  and  the 
extreme  variations  (BPOS  and  BNEG)  are  shown  in  Figure  A-6  and  Table  A-2. 
Tables  A  3  through  A-6  present  the  harmonic  analyses  of  the  c  ircumf erent ial 
distributions  of  the  longitudinal  and  tangential  velocity  component  ratios 
at  the  experimental  and  interpolated  radii. 

Tin-  results  are  presented  in  a  similar  form  for  Experiment  10  (with 
t!ie  port  propeller  operating).  The  circumferential  distributions  of  the 
velocity  component  ratios  are  presented  in  Appendix  B  as  Figures  B-l  through 
B-A,  the  input  data  are  listed  in  Table  B-l,  and  mean  values  are  presented 
in  Figures  B-3  and  B-6,  and  Table  B-2.  The  results  of  the  harmonic  analyses 
are  presented  in  Tables  15-3  through  B-6. 

When  the  results  from  Experiments  3  and  10  are  compared,  only  small 
d i II erenc es  are  seen.  The  mean  values  for  the  input  radii  of  longitudinal, 
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tangential,  and  radial  velocity  listed  in  Tables  A-2  and  B-2  agree  in 
most  cases  to  within  one  percent  of  the  freestream  velocity.  The  cir¬ 
cumferential  mean  values  from  Experiment  3  are  not  consistently  higher 
or  lower  than  those  from  Experiment  10. 

The  results  of  the  harmonic  analyses  compare  just  as  favorably.  For 
example,  at  the  input  radii,  the  amplitudes  of  all  harmonics  of  the 
longitudinal,  tang  atial,  and  radial  velocity  component  ratios  differ  by 
less  than  one  percent  of  freestream.  The  phase  angles,  however,  are 
different  at  several  radii.  The  good  agreement  of  the  data,  all  within 
experimental  accuracy,  for  Experiments  3  and  10,  indicates  only  a  small 
effect  on  the  starboard  wake  is  realized  when  the  port  propeller  is 
operat ing . 

EXPERIMENTS  1.1  AND  12  -  EFFECT  OF  OPERATING  PORT  PROPELLER  IN  FRONT  OF 

BASS  DYNAMOMETER  BOAT  MOUNTED  DOWNSTREAM 

Experiments  11  and  12  were  conventional  wake  surveys  on  the  starboard 
propeller  plane  of  the  R/V  ATHENA  (Model  5365),  with  the  Bass  Dynamometer 
Boat  (Model  5271)  mounted  downstream.  This  setup  physically  modeled  the 
unsteady  blade  force  experiments  mentioned  previously.  Experiment  11  was 
conducted  without  the  port  propeller  operating,  and  Experiment  12  was 
identical  to  Experiment  11,  except  that  the  port  propeller  was  operating. 

The  circumferential  distribution  of  the  longitudinal,  tangential,  and 
radial  velocity  component  ratios  for  Experiment  11  are  shown  graphically 
for  each  pitot  tube  radius  in  Appendix  C  as  Figures  C-l  through  C-4.  A 
listing  of  the  input  data  is  presented  in  Table  C-l.  The  mean  longitudinal, 
tangential,  and  radial  velocity  component  ratios  and  the  volumetric  mean 
wake  are  presented  in  Figure  C-5  and  Table  C-2. 
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The  calculated  mean  and  extreme  values  of  the  advance  angles  are  also 
shown  in  Table  C-2  and  in  Figure  C-6.  Tables  C-3  through  C-6  present  the 
results  of  harmonic  analyses  of  the  circumferential  distributions  of  the 
longitudinal  and  tangential  velocity  component  ratios  at  the  experimental 
auu  interpolated  radii. 

The  results  are  presented  in  a  similar  form  for  Experiment  12.  The 
circumferential  distributions  of  the  velocity  component  ratios  are 
presented  in  Figures  0-1  through  0-4 ,  the  input  data  is  1 isted  in  Table 
0-1,  and  the  mean  values  are  presented  in  Figures  0-5  and  D-6,  and  in 

Table  I)-..’,  The  harmonic  analyses  are  presented  in  Tables  0-3  through  D-6. 

When  the  results  from  Experiments  11  and  12  are  compared,  only  small 

differences  are  seen.  I'he  mean  values  of  the  longitudinal,  tangential, 
and  radial  velocity  component  ratios  for  the  input  radii  all  agree  to 
within  one  percent  of  freestream.  At  each  radius,  the  longitudinal  mean 
velocity  component  ratio  is  slightly  higher  with  the  port  propeller 
operating  (Experiment  12).  However,  the  values  are  so  nearly  the  same 
that  no  conclusions  can  he  drawn  regarding  the  trend. 

Tlie  results  of  the  harmonic  analyses  also  compare  favorably.  For 
example,  at  the  input  radii,  the  amplitudes  of  the  first  harmonic  of  the 
longitudinal  velocity  component  ratios  differ  less  than  one  percent  of 
freestream.  The  phase  angles,  however,  are  different  for  several  of  the 
radii.  The  harmonics  of  the  tangential  velocity  component  ratios  also 
show  good  agreement,  witli  the  differences  being  very  small  compared  to 
free-. st r rum  with  good  phase  angle  agreement.  These  results  further  verify 
the  earlier  conclusions  that  with  the  port  propeller  operating  only  a 
small  eft  eel  on  the  starboard  wake  distribution  is  realized. 
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EXPERIMENTS  9  AND  11  -  EFFECT  OF  BASS  DYNAMOMETER  BOAT  MOUNTED  DOWNSTREAM 

The  results  already  presented  from  Experiments  9  and  11  can  be  compared 
to  determine  the  effect  of  the  Bass  Dynamometer  Boat  on  the  ATHENA  model 
wake.  The  differences  are  very  significant.  The  mean  values  of  the 
longitudinal  velocity  component  ratios  in  Tables  A-2  and  C-2  showed 
differences  of  10  to  20  percent  of  the  model  velocity.  The  longitudinal 
velocity  component  ratios  were  always  smaller  with  the  Bass  Dynamometer 
Boat  behind  the  ATHENA  model,  as  expected.  The  tangential  and  radial  mean 
ratios  also  changed,  though  no  consistent  trend  was  evident. 

The  harmonics  of  the  longitudinal  velocity  component  ratios  showed 
some  differences.  For  example,  the  amplitude  of  the  first  harmonic  is 
slightly  less  when  the  Bass  Boat  is  present;  however,  the  fifth  harmonic 
shows  tiie  opposite  trend,  that  is,  slightly  higher  when  the  Bass  Boat 
is  present.  The  tangential  harmonics  differ  only  slightly.  For  example, 
the  amplitudes  of  t  lie  first  harmonic  taken  with  the  Bass  Boat  differed  by 
about  2  percent  of  freest  ream  when  compared  to  the  amplitudes  of  the 
first  harmonic  without  the  Bass  Boat. 

EXPERIMENT  13  -  I  DF.A1.1 7.F.1)  WAKE  SURVEY  AT  LARUE  INFLOW  ANGLE 

Experiment  13  was  an  idealized  wake  survey  conducted  with  the  Bass 
Dynamometer  Boat  downstream  of  only  the  pitot  tube  rake,  that  is,  no  ATHENA 
model  was  present  for  this  experiment  or  single  cycle  wake  screen.  The  rake 
inclination  to  the  direction  of  travel  was  20  degrees  (0.349  radians). 

The  circumferential  distribution  of  the  longitudinal,  tangential,  and 
radial  component  ratios  for  Experiment  13  are  shown  graphically  for  each 
pitot  tube  radius  in  Figures  E-l  through  E-4.  A  listing  of  the  input  data 
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is  presented  in  Table  E-l.  The  mean  longitudinal,  tangential,  and  radial 
velocity  component  ratios  and  the  volumetric  mean  wake  are  presented  in 
Table  E-2  and  Figure  E-5. 

The  calculated  mean  and  extreme  values  of  the  advance  angles  are  shown 
in  Figure  F.-6  and  Table  F,-2.  Tables  E-2  through  E-6  present  the  results 
of  harmonic  analyses  of  the  circumferential  distributions  of  the  longitudinal 
and  tangential  velocity  component  ratios. 

The  mean  values  presented  in  Table  E-2  are  not  uniform  for  all  radii, 
though  all  differences  are  less  than  three  percent  of  model  velocity.  The 
circumferential  mean  values  of  velocity  components  for  this  experiment 
indicate  that  the  Bass  Dynamometer  Boat  not  only  retards  the  flow,  but  also 
lias  a  small  effect  on  the  radial  distribution  of  the  flow. 

EXPERIMENT  14  -  IDEALIZED  WAKE  SURVEY  WITHOUT  ANY  INFLOW  ANGLE  BEHIND 
A  WAKE  SCREEN 

Experiment  14  was  an  idealized  wake  survey  conducted  with  the  Bass 
Dynamometer  Boat  mounted  at  zero  degree  inclination  downstream  of  a  one- 
cycle  wake  screen.  The  results  are  presented  in  a  form  similar  to 
Experiment  13.  The  circumferential  velocity  component  distributions  are 
presented  in  Figures  F-l  through  F-4,  the  input  data  are  listed  in 
Table  F-l,  and  the  mean  values  are  presented  in  Figures  F-5  and  F-6  and 
Table  F-2.  The  results  of  harmonic  analyses  are  presented  in  Tables  F-3 
through  F-6. 

The  circumferential  distributions  shown  in  Figures  F-l  through  F-4 
indicate  that  the  wake  screen  did  indeed  produce  a  one-cycle  wake  with  a 
peak-Lo-peak  variation  to  longitudinal  velocity  component  ratio  of  about 
0.3.  Table  F-2  indicates  that  the  mean  longitudinal  velocity  component 


ratio  is  about  0.63.  The  longitudinal  harmonics  presented  in  Table  F-3 
indicate  that  even  though  the  wake  has  only  one  cycle  the  higher  harmonics 
are  still  significant. 

EXPERIMENTS  15  AND  16  -  EFFECT  OF  SPEED  ON  IDEALIZED  WAKE  SURVEY 

Experiments  15  and  16  were  idealized  wake  surveys  conducted  with  only 
the  Bass  Dynamometer  Boat  downstream  of  the  pitot  tube  rake.  There  was  no 
single  cycle  wake  screen  during  these  experiments.  The  rake  inclination 
to  the  direction  of  travel  was  ten  degrees  for  both  experiments.  Experi¬ 
ment  16  was  identical  to  Experiment  15,  except  that  the  towing  speed  of 
Experiment  16  was  one-half  that  of  Experiment  15. 

The  circumferential  distribution  of  the  longitudinal,  tangential, 
and  radial  velocity  component  ratios  for  Experiment  15  are  shovai  in 
Figures  G-l  through  C-4.  A  listing  of  the  input  data  is  presented  in 
Table  G-l.  The  mean  longitudinal,  tangential,  and  radial  velocity 
component  ratios  and  the  volumetric  mean  wake  are  presented  in  Table  G-2 
and  Figure  0-5. 

The  calculated  mean  and  extreme  values  of  the  advance  angles  are  shown 
in  Figure  C-6  and  Table  G-2.  Tables  G-3  through  G-6  present  the  results 
of  harmonic  analyses  of  the  circumferential  distribut ions  of  the  longit¬ 
udinal  and  tangential  velocity  component  ratios  at  the  experimental  and 
interpolated  radii. 

The  results  are  presented  in  similar  form  for  Experiment  16.  The 
circumferential  velocity  component  distributions  are  presented  in  Figures 
H-l  through  H-4,  the  input  data  are  listed  in  Table  H-l ,  and  the  mean 
values  are  presented  in  Figures  H-5  and  11-6  and  in  Table  H-2.  The  results 
of  harmonic  analyses  are  presented  in  Tables  H-3  through  H-6. 
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When  the  results  from  Experiments  15  and  16  are  compared,  only  small 
differences  are  noted.  The  differences  between  mean  values  presented  in 
Tables  G-2  and  H-2  are  not  significant  with  a  maximum  difference  of  about 
one  percent  of  model  velocity  in  the  longitudinal  mean,  and  a  maximum 
difference  in  the  tangential  and  radial  means  of  less  than  one  percent. 

The  harmonics  do  not  compare  as  favorably  as  the  mean  values,  although  the 
amplitudes  of  the  first  harmonic  of  the  tangential  velocity  component  ratios 
at  the  input  radii  differ  by  less  than  three  percent  of  model  velocity. 

The  amplitudes  of  the  first  harmonic  for  the  longitudinal  ratios  are  in 
better  agreement  with  the  maximum  difference  being  less  than  one  percent 
of  model  velocity.  These  small  differences  indicate  this  idealized  wake 
is  only  weakly  dependent  on  speed. 

CONCLUSIONS 

(1)  The  effect  due  to  the  port  propeller  operating  on  the  starboard 
mean  wake  distribution  is  small.  This  effect  was  illustrated  twice  and 
established  no  noticeable  trends  in  the  mean  velocity  component  ratios. 

(2)  The  Bass  Dynamometer  Boat  mounted  aft  of  the  R/V  ATHENA  very 
significantly  affects  the  mean  longitudinal  velocity  component  ratios. 

These  mean  longitudinal  velocity  component  ratios  with  and  without  the 
Bass  Dynamometer  Boat  differ  by  10  to  20  percent.  The  results  of  the 
harmonic  analyses  show  smaller  trends.  The  radial  distribution  of  the  flow 
is  also  slightly  influenced. 

(3)  The  Bass  Dynamometer  Boat  affects  each  radius  differently  due  to 
the  bass  dynamometer  blunt  bow  causing  greater  flow  obstruction  when  at  a 
20  degree  inclination. 
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(A)  When  a  single  cycle  wake  screen  is  mounted  upstream  of  the  Bass 
Dynamometer  Boat,  both  at  zero  inclined  angle,  the  wake  screen  affects  the 
peak  to  peak  fluctuations  in  the  longitudinal  velocity  component  ratios. 
These  peak  to  peak  fluctuation  ranges  are  half  the  total  mean  longitudinal 
velocity  component  ratio  values.  The  single  cycle  wake  screen  affects  the 
higher  harmonics  significantly. 

(5)  The  idealized  flow  wake  surveys  show  a  weak  dependence  upon 
velocity  when  the  Bass  Dynamometer  Boat  and  rake  are  mounted  at  a  ten 
degree  angle  of  inclination  to  the  free  surface  without  any  single  cycle 
Wake  screen  present. 
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Sketch  Illustrating  Location  of  Wake  Survey  Experimental  Radii 
Model  5365  Afterbody  Sections  Representing  the  R/V  ATHENA 


Rake  Arrangement  Photograph  Showing  Closeup  Profile  View  of  Installation  i 
Starboard  Shaft  of  Model  53S5  Without  Port  Propeller 


Ar r.injtcmcnt  Photograph  Showing  Closeup  Quartering  View  of  Installati 
c  St  nr board  Shaft  of  Model  S36r>  Without  Port  Propeller 
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Wake  Screen  Photograph  Showing  Downstream  View  at  Spherical 
Head  Pitot  Tubes  Used  for  Idealized  Flow  Experiment  14 
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re  9  -  Schematic  of  Wake  Screen  Wire  Sections  and  Sizes  Used 
for  Idealized  Flow  l'.xper i men t  14 
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Figure  10  -  Wake  Screen  Phototgraph  Shoving  Upstream  View  Into  the 
Flow  for  Idealized  Flow  Experiment  14 


Bass  Dynamometer  Boat  Mounted  Behind  the  Wake  Screen  Photograph  Showing 
Arrangement  of  Pitot  Tubes  for  Idealized  Flow  Experiment  14 


Ship  and  Model  Characteristics 
R/V  ATHENA  Represented  by  Model  5365 


Length  Between 
Perpendiculars 

Length  Overall 

Maximum  Beam 

Di splacement 

Wetted  Surface 

Draft 

Trim  hy  Stern 
Propeller  Diameter 
Linear  Scale  Ratio 

Propulsion:  Twin  screw 
Appendages:  Twin  stabi 
centerline 


Ship 

154.0  ft  (46.9m) 

164.5  ft  (50.1m) 

24.0  ft  (7.5  m) 

263  tons  (267.3  tonnes) 
3413  ft2  (317.1  m2) 

5.63  ft  (1.72  m) 

0.59  ft  (0.18  m) 

6.0  ft  (1.8  m) 

8.25 

controllable  pitch, 
izer.s,  main  shafts  a 
skeg 


Model 

18.6  ft  (5.7m) 

19.9  ft  (6.1m) 

2.9  ft  (0.9m) 

1020  lbs  (462.6  kg) 
50.15  ft2  (4.659  m2) 
0.682  ft  (0.208  m) 
0.071  ft  (0.022  m) 
8.73  in  (22.2  cm) 

1.0 

4  blades  each 
,d  V-struts,  twin  rudders, 
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APPENDIX  A 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 
FOR  EXPERIMENTS  3  AND  9 
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Figure  A- 3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiments  3  and  9 
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Figure  A-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.963 
for  Experiments  3  and  9 
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I'ipure  A-10  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.963 
for  Experiment  9 
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-.11*  Il  *.  * 

■•Hi  IT*. I 

-.!*■  17*. I 

-.171  if*. a 

-■•**  iia.a 

-.177  IV. * 

-.1’*  11*. a 

-.»#7  iia.a 

-.a**  il*.* 

-.•a*  1*1.1 

-.1**  1*7. a 

-.a*’  ib*.* 

■.iaa  I**. a 

-.iaa  i*i.a 

-••■a  lit.* 

-.an  in. a 

-.117  117.1 

-.an  n*.a 

- .  a  ’  7  m.i 

-.tii  m.i 

- .  **i 

-  .*»* 

-  .  IM 

•  .77* 

-  .an 

-  .in 

- .  •»  i 

-.an 

-.»!• 

-.an 

-.en 


•aomi 
v«/v 
t.ai* 
I.  1*7 

Ml' 

1. 111 
i.li  * 
1.171 
1.177 

t  .an 

t .  •** 

1.  •*! 

1.17b 

.  iaa 

.  m 

Mil 

I .  •** 
t,a»i 
l  .  *71 
1.1*1 
t.lbl 
1.1*1 
l.lbl 
1.171 
l.lb* 
l.l’f 
t  •  •  7  1 
i.  aai 
1.171 
I  .l»b 
i.  a*  7 
I. 17* 
t.  171 
1.171 
t.Mi 
l .  ••  t 
l.**7 
I.aai 
l.»1* 
I.MI 
t .  •** 
1.1*1 
1.177 
l.lb* 

t.ai* 

t.iii 

i.ai* 

i.ai* 

l.«1» 

1.111 
1.117 
1.117 
1.1*1 
l.llb 
l.H  I 
1.111 
1.1*1 
1.1*1 
1.1*1 
l.llb 
I.H  I 
I .  HI 
1.1*1 
1.1*1 
l.lb* 
l.fbb 
l.lbl 
l.lb* 
1.1*7 
1.1*1 
1.1*1 
I  .  •*« 

I  .111 
1.1*1 
i.m 

i.i*» 

l.lb* 

1.1*’ 

.  HI 
.1** 
t.ai* 

t.l-7 

i.n* 

t.i’b 

t.ai* 

i.in 

i.atb 

i.ai* 

i.m 

i.n* 

i.it' 

i.il’ 


t*a 


7  a* 


*•/* 

-.17* 

-.17% 

-.8  71 
-  .*77 

-.aai 

-.117 

-.111 


-.til 
-.1*1 
-.1*1 
-.177 
-.1  11 
-.11* 
-  .11* 
-.117 
-.171 
-.17* 
-.171 
-.171 
-.111 
-.111 
-  .  Ill 
-.111 
-.117 
•  .11* 
-.111 
-.**a 


.••* 
.171 
.  *’• 

.1*1 
•  1*1 

.*71 

.an 

.it* 

.ii* 

.an 

.17* 

.  117 

.111 
.  Ill 
.  I** 
.171 
.17* 
■  111 
.  I  11 
.11* 
.  1  II 

Ml* 
.  171 
.  Il* 
.  HI 

.  lib 
•  111 
.*7* 
.111 
.111 
.*17 
.11* 
•  at* 

.17  7 


-.111 

-.17# 

-.111 

-.17* 

-.17* 

-.171 

-.111 

-.•H 

-.*7* 


•artful 

•  Hi  7  tfl/V 

-.7  i.ai* 

i.i  t.ii* 

ti. b  i.ibi 

n.i  i.m 

11.1  1.1*7 

n.i  i.m 

17.1  l.lb* 

ii.*  i.l’a 

71.1  1.1*1 

71.1  1.111 

71.1  1.17* 

71.*  1.1*1 

71.1  1.117 

7* . 1  1.111 

77.1  1.177 

77.7  |.I7* 

71.1  l.lai 

M.I  1.117 

11 . 7  i.aai 

11.7  I.M* 

*1.7  1.1*1 

*1.1  1 . •** 

«t.1  1.1*7 

11.1  1.H7 

11.1  1.1H 

*7. a  i.H7 

»1.1  1.111 

7*. i  i.ia* 

n.i  i.i** 

n.i  i.m 

i«.l  i.t*l 

M.I  1.1*1 

ll’.l  1.111 

111.1  l.l*’ 

i  i*.i  i.m 

171.1  1.1*1 

iw. a  t.i*i 

11. 1  l.l** 

1*7.1  1.1*1 

Hi.*  l.l** 

tli.l  l. •*• 

l**.l  t.iai 

|77.1  1.171 

171.1  I.M* 

171.*  1.1*7 

171.7  |.M* 

Ib’.l  1.171 

11*. >  1.1*7 

117.1  1.1*1 

111.1  1.1*7 

7H.1  l.|*b 

711.1  l.l’l 

711.1  1.17a 

771.1  1 . 1 7  1 

717.1  1.17* 

711.1  !.*’• 

711.1  1.1*7 

711.1  l.l” 

711.1  i.i»a 

711.1  1.1*1 

7*7.7  I.M* 

7*1.1  1.11* 

771.1  l.l** 

7*1.1  1.1*7 

711.1  l.|*b 

711.1  1.1*7 

711.1  1.117 

a**. a  i.aai 

ii’.i  t.i*i 

ll’.l  1.1*1 

1  11 . 7  1  .  I  7  * 

171.1  I.M* 

171.1  1.111 

177.1  l.|*b 

*71.1  1.1*1 

1*1.7  .171 

*11.1  .1** 

111.7  1.1*7 

"M  1.111 

Ml.#  I.M* 

111.1  1.1*1 

1*1.7  i.l’a 

1*1.7  I.M* 

tb  1 . 7  1 .  *b  ’ 

1*1.7  l.lbl 

1*1.7  l.lbt 

»*’.•  ».•** 

1*7.7  l.l** 

m.i  i.it’ 

1*7.*  t.|l» 

111.1  I.M* 


*•7* 

- .  m 

-.in 

-.in 

-.in 

-.117 

-.111 

-.111 

-.111 

-.til 
-.HI 
-.111 
-.111 
- .  Ill 

-  .  177 
-.117 

-  .1*7 

-  .  1*7 

-.11* 

-  •  I  lb 
-.17* 
-.  tlf 
-.IM 
-.*•1 

-  .171 
-.1*1 
-.117 
-.17* 
-.11* 

.It  7 
.111 
•  111 
.**7 
.11* 
.HI 
.  Ill 
.171 
.  1 11 
.  II* 
•  lb* 
.177 
.17* 
.  1*1 
.  lai 
.  1*7 

.taj 

.  t*7 
.17* 
.  177 
.171 

.  lb* 

.117 

.  171 
.  IM 
.71* 
.8*7 
.lb* 

.  1*1 
.  1*7 
.111 
-.11* 
-.117 
-.111 
-.11* 
-.171 
-.17* 
-.11* 
-.171 

-  .  17* 
-.Ml 
-.Mb 
-.1  *1 
-.1*7 
-.t*b 

-  .  lb* 

-.1*1 

-  .  t*l 

-.11b 

-  .t*b 
-.  I*b 
-.11* 

-  .1*1 
-.111 
-.1*7 
-.1*7 
-.IM 
-.111 
-.111 
-.111 
•  .til 


1*010]  ■  .MI 

•  wtf  iifi  »i/i 

-.i  i.aa*  .•»* 

7.7  .Ml  -.111 

11.*  .1*7  -.■** 

17.1  .17!  -.11* 

11. *  ,M7  -.IM 

11.1  .!«■  -.lb* 

71.1  1.1M  -.lb* 

7i.a  i.iti  -.a** 

71.  a  i.m  -.lb* 

n. •  1.171  -.•*« 

77. a  .171  -.1*1 

n. »  .in  -.11* 

71.1  1.1*1  -.111 

11.1  1.117  -.117 

M.a  l.lb*  -.117 

*7 .ft  l.llb  -.171 

*1.1  l.l**  -.1*7 

*1.1  I.MI  -  .  t  M 

bl.l  l.lbl  -.t*b 

’1.7  l.lb*  -.1*1 

71.1  l.lbl  -.t’1 

'1.*  1.1*1  -.t’b 

*’.1  I.MI  -.17* 

11. •  1.171  -.177 

*1.7  1.171  -.17* 

III.!  I • I  7  J  -.171 

lit.!  l.l’l  -.111 

111. 1  I.M*  -.1*1 

I  71.1  I.M*  -.11* 

if'.*  t.n*  -.in 

IM.*  t.*1*  -.17* 

•  ii. *  i.io  -.h* 

t*!.a  i.m  -.im 

m. 7  i.ai*  ..i*t 

1H.I  t.aia  -.im 

111.!  t.lbl  -.111 

Ib7.7  1.1*7  -,1J* 

171.1  1.1*1  -.*11 

171.1  l.llb  .III 

Ml.*  l.lbl  .111 

HI. I  l.lbf  .111 

H1.1  l.llb  .•*» 

HI-1  l.lbl  .Mb 

in.*  i.m  .mi 

711.7  I.IH  .III 

m.»  i.**7  .in 

771.7  1.117  .1*7 

Ml.t  I.M*  .11# 

7M.I  1.111  .1*1 

'».»  l.lbt  .lb* 

7bb.|  I.M#  .177 

71*. I  1.1*7  .Mb 

7H.I  l.Mi  .1*1 

7*7.1  1.1ft*  .117 

771.1  1.1*1  .11* 

77*. 1  l.lb*  .IM 

*»*.1  l.lb*  .lib 

7*b.l  l.lb*  .m 

7M.|  l.lbl  .117 

71*. 1  1.117  .17* 

'•7.1  l.llb  .1*1 

111.*  1.11*  .HI 

Hi.  I  l.l**  .1*1 

*11.7  1.111  .HI 

171.1  1.111  .111 

!!*.#  1.111  . t 1 7 

*»7.»  l.tt!  .U» 

111.*  l.llb  .HI 

1*1.1  .17|  ,1*1 

1!*.7  .Ml  .1*1 

1*1.1  l.lbl  .1*1 

**!■»  l.lbl  .•*» 

1*7. ft  l.|77  .17! 

**1. I  1.1*1  .1*7 

j*i.*  i.m  .an 

'".a  i.*i»  .an 

>it.»  1.111  .IM 

>H.I  I.MI  .Ml 

M1.J  l.llb  .IM 

*11.  •  I.MI  .M* 

111.1  I.MI  .IS* 
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1 


RADIUS  =  .963 

A/PLIIUDE  *  .6027  .0026  .t012  .0026  .0020  .0017  .0010  .0014 

PHASE  ANGLE  *  166.9  165.4  260.4  205.3  298.0  133.4  43.5 


TABLE  A- 4  -  HARMONIC  ANALYSIS  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  TKL  INTERPOLATED 


TABLE  A- 7 


INPUT 

DATA  FOR 

HARMONIC 

ANALYSIS 

FOR  R/V 

ATHENA  , 

MODEL  5365, 

EXPERIMENT 

9 

INPUT 

DATA 

RADIUS  « 

.  456 

RADIUS 

•  .781 

ANGLE 

VI  V 

VT  V 

VR/V 

angle 

VX.  V 

V  T  /V 

VR/V 

-i.O 

1.014 

.  023 

-.010 

2.9 

1.015 

-.025 

-.092 

17.6 

1.003 

-  .  098 

-.076 

48.7 

1  .  052 

-.137 

-.104 

46 . 2 

1.122 

-  .  168 

-.084 

89. 1 

1  .  063 

-  .  190 

.007 

63.6 

1.12  1 

-.21  7 

053 

94.6 

1  .  070 

-.188 

.  023 

63.6 

1.124 

-.216 

-  .  058 

133.2 

1  .  068 

-.136 

.  1  27 

91.1 

1.137 

-.241 

-  .  007 

140.0 

1  .  054 

-.117 

.  1  42 

1  03 . 0 

1.132 

-  .228 

.  03  1 

17  9.0 

1  .  075 

.002 

.  182 

135.0 

1.129 

-.170 

.  076 

179.0 

1  .  076 

.002 

.  1  82 

156.6 

1.136 

-.097 

.  099 

225.5 

1  .075 

.  1  34 

.  1  35 

179.7 

1.131 

-  .  003 

.lit 

271.4 

1  .  092 
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RADIUS  =  1 . 000 

AMPLITUDE  •  .0165  .0167  .0095  .0029  .0033  .0015  .0009  .0005 

PHASE  ANGLE  •  256.5  273.1  269.1  325.0  319.7  344.8  19.9  39.5 
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Figure  0-1  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
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for  Experiment  12 
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Figure  D-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  12 
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Figure  D-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  12 
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Figure  D-A  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  -  0.963 
for  Experiment  12 
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for  Experiment  12 
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Figure  D-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment  12 
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Figure  E-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  13 
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Figure  E-5  -  .iadial  Distribution  of  the  Mean  Velocity  Component  Ratios 
for  Experiment  13 
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Figure  F-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  14 
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Figure  F-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  14 
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G-t  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.450 
for  Experiment  15 
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Figure  G-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  15 
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and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  experiment  18 
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Figure  0-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.961 
for  Experiment  15 
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TABLE  G-6  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 

RADII  FOR  EXPERIMENT  15 


AMPLITUDE  *  .1799  .0041  .0017  .0008  .0003  .0004  .0002  .0002 

PHASE  A‘.C.lE  *  160.7  31C.9  10.4  83.0  43.6  201.3  81.1  105.2 
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Figure  H-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0,456 
for  Experiment  16 
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Figure  H-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  16 
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Figure  H-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  16 
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igure  U-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment:  16 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 
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